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Structural4unctional heterogeneity along the rabbit collecting
tubule. The possibility that the rabbit collecting tubule is hetero-
geneous with respect to electrical and morphologic properties
was examined in isolated segments. Collecting tubules from rab-
bits treated with desoxycorticosterone acetate were dissected
from various locations within the cortex and outer medulla, and
the transepithelial potential was measured. The cortical collect-
ing tubule always displayed a negative potential. In contrast, col-
lecting tubules dissected from the inner stripe of the outer me-
dulla displayed a positive potential. That this change is a function
of position within the kidney is supported by the observation that
some tubules generated a negative potential at the superficial
(cortical) end and a positive potential at the deep (medullary)
end of the same tubule. Histologic evaluation of tubules after
perfusion resulted in a striking correlation between the existence
of a negative potential and the presence of dark cells. The re-
suits of this study provide evidence that the collecting tubule
is heterogeneous with respect to active transport processes and
suggest that these functional differences may correlate with
morphologic differences between the cortical segment and the
medullary segment of the collecting tubule.
Ileterogéneite de structure et de fonction le long du tube collec-
teur du lapin. La possibiité que le tube collecteur de lapin soit
heterogene en ce qui concerne les proprietes electriques et mor-
phologiques a été étudiée sur les segments isolés. Des tubes col-
lecteurs de lapins traités par l'acétate de désoxycorticostérone
ont éte disséques a partir de différentes regions du cortex ou de
Ia médullaire et le potentiel transépithélial a été mesurC. Le tube
collecteur cortical a toujours un potentiel negatif. Au contraire
les tubes collecteurs disseques de la bande interne de [a médul-
laire externe ont un potentiel positif. Le fait que cette difference
soit une fonction de Ia position dans le rein est affirmé par
l'observation que certains tubules ont un potentiel négtif a
l'extrémite corticale et un potentiel positif a !'extrémitè medal-
laire. L'étude histologique des tubules aprés perfusion montre
une correlation frappante entre l'existence d'un potentiel negatif
Ct Ia presence de cellules sombres. Les résultats de cette étude
apportent Ia preuve que le tube collecteur est hétérogène en ce
qui concerne les processus de transport actif et suggerent que les
differences fonctionnelles peuvent ètre corrélées avec les dif-
férences morphologiques entre les segments corticaux et médul-
laires des tubes collecteurs.
is greater in the papillary segment than it is in the
outer meduliary or cortical segments of the collect-
ing tubule [1, 21. Anatomically, the cortical collect-
ing tubule contains at least two cell populations,
whereas in most animals the inner medullary and
papillary collecting tubules contain but one cell type
[3]. Autoradiography studies demonstrate corticos-
terone receptors in the cortical and outer portion of
the outer medullary collecting tubule but not in the
inner medullary and papillary collecting tubule [4].
Histochemistry studies reveal prostaglandin syn-
thetase in the inner medullary and papillary collect-
ing tubule, but not in the cortical or outer medullary
collecting tubule [5]. Despite the above evidence
that the collecting tubule is not structurally and
functionally homogeneous, transport phenomena in
the cortical collecting tubule often are interpreted
as being representative of the entire collecting tu-
bule.
The current studies were designed to examine an-
atomic correlates of electrophysiologic phenomena
in the cortical and outer medullary collecting tu-
bule. The results demonstrate that collecting tu-
bules taken from rabbits having received desoxy-
corticosterone acetate (DOCA) display a reversal in
the polarity of the transepithelial potential at a dis-
tance of approximately 1 mm into the outer medul-
lary collecting tubule, a finding which suggests a
change in the primary active transport process. This
change was found to correspond with a sharp dimi-
nution in the dark cell population of collecting tu-
bules in the inner stripe of the outer medulla. These
findings taken together suggest that the dark cell
There is a growing awareness that both structural
and functional heterogeneity exist along the mam-
malian renal collecting tubule. Functionally, there
is clear evidence that in the rabbit urea permeability
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may contribute to the electrogenic transport proc-
ess.
Methods
Renal collecting tubules were dissected from fe-
male New Zealand white rabbits weighing 1.5 to 2.5
kg. Each rabbit received i.m. 5 mg of DOCA per
day for 3 to 15 days. The techniques for dissection,
perfusion, and measurement of transepithelial po-
tential difference (PD) have been previously de-
scribed in detail [6, 7]. In all experiments, the mea-
surement of PD was performed using a bathing solu-
tion identical to the perfusing solution except for
the addition of 5% volume/volume of fetal calf
serum to the former. In most experiments an arti-
ficial solution simulating ultrafiltrate was used. This
solution contained 105 m sodium chloride; 5 mM
potassium chloride; 25 m sodium bicarbonate; 2.3
mM dibasic sodium phosphate; 10 m sodium ace-
tate; 1 m magnesium sulfate; 1.8 m calcium chlo-
ride; 8.3 m glucose; and 5 mrvi alanine. In some
experiments, a solution simulating outer medullary
interstitial fluid was used. This fluid was identical to
the above solution except that it contained an addi-
tional 45 m sodium chloride and 25 mi urea. Os-
molalities of the two solutions were 298 3 and 400
3 mOsm/kg H20, respectively. Solutions were
maintained at a pH of 7.4 by bubbling with 95% ox-
ygen and 5% carbon dioxide. All PD measurements
were made at 370 C.
Tubules were perfused at rates of approximately
3 to 10 nI/mm. The bathing solution was continuous-
ly changed so that more than 95% was exchanged in
5 mm, as previously reported [71. The distal end of
the tubule was usually not connected to a collecting
pipette because alterations in hydrostatic pressure
induced by this maneuver might affect PD [8], and
damage to the tubule at the collecting end might
have prevented cannulation of that end later in the
experiment. Control experiments indicated that for
segments of cortical collecting duct between 0.7-
and 1.0-mm-long displaying a negative PD (N = 4;
mean, — 36.8 5.6) the PD was not affected by the
attachment of the collecting pipette. Likewise, the
attachment of a collecting pipette did not affect PD
for segments of medullary collecting tubule 0.7- to
1.0-mm-long displaying a positive PD (N =4; mean,
+ 8,4 2.1). Thus, all segments studied were 0.7
mm or longer.
Except for the initial group of random measure-
ments, tubules were dissected from a specific area
in the kidney. Measurements of position of the col-
lecting tubule were made with reference to the cor-
ticomedullary junction, which was defined as the
area where proximal convoluted tubules were no
longer present. The position of the tubule was as-
certained both prior to and immediately after dis-
section from adjoining tubules, and its position was
measured by a calibrated needle while in the dis-
secting dish. It was necessary to dissect tubules dis-
playing some asymmetry to ascertain the orienta-
tion of the tubule (that is, superficial versus deep
end). Invariably, such asymmetry was the result of
appurtenant tubular structures, but occasionally the
appearance of the ends of the tubules was suf-
ficient.
Several tubules were perfused first at one end,
then at the other. In each case, the end chosen for
initial perfusion was selected randomly. The tubule
was allowed to stabilize for a minimum of 50 mm or
until the PD became stable for 20 mm, whichever
was longer. After the PD at one end had stabilized,
the tubule was expelled from the holding pipette by
the perfusion pipette and the opposite end can-
nulated and perfused in an identical fashion. To as-
certain that changes in PD observed at one end
were not artifactually altered by time or the manipu-
lation, we perfused several tubules first at one end,
then at the opposite end, and again at the first end.
It was not always possible to perfuse both ends of a
tubule or to perfuse the initial end twice. Double
perfusion was successful in 10 of 16 attempts, and
triple perfusion, in 9 of 12 attempts.
Because of uncertainties regarding the possible
contribution of the strongly negative PD of the cor-
tical collecting tubule to the PD of outer medullary
collecting tubules perfused in a retrograde fashion
(that is, toward the cortex), we conducted a series
of experiments where collecting tubules were per-
fused antegrade at varying distances from the cor-
ticomedullary junction. Eleven tubules from this
group of experiments were exposed only to the so-
lution simulating outer medullary interstitial fluid.
After measurement of PD, some tubules were
preserved for light microscopy by exchanging the
bath with an isosmotic 2% glutaraldehyde solution
buffered in 0.05 M sodium cacodylate [9]. The Os-
molality was adjusted to 298 mOsm/kg H20 with the
addition of sodium chloride, and the pH was adjust-
ed to 7,5. After fixation in this solution for at least
30 mm, the tubule was transferred to a 0.5 M sodium
cacodylate buffer solution (osmolality, 298 mOsm!
kg H20; pH, 8.1) and stored at 4° C up to several
days before subsequent tissue-processing. The indi-
vidual tubules were postfixed in 1% or 2% osmium
tetroxide in s-collidine buffer for 1 hour at 40 C,
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then dehydrated in a graded series of alcohol solu-
tions before being embedded in epoxy resin (Epon)
[10]. At the time of embedding, the tubules were
divided into two or three pieces, depending on their
initial length. Care was taken to maintain their origi-
nal orientation to facilitate comparison with the re-
sults of the electrophysiologic measurements. Sec-
tions 1 micron in thickness were cut on a Porter-
Blum ultramicrotome and stained with toluidine
blue for examination by light microscopy liii].
The ratio of light to dark cells was determined in
longitudinal sections of each segment of tubule by
light microscopy at a magnification of x400. The to-
tal number of cells was first established in a segment
which extended no more than 0.75 mm beyond the
point of measurement of the PD. The dark cells
then were counted in the same region. In those tu-
bules in which a PD measurement was obtained
from each end, cell counts were also made at each
end.
Characteristic morphologic features distinguish-
ing dark from light cells included an increase in the
staining density of the cytoplasmic matrix, a greater
number of subcellular organelles, and the presence
of a more irregular configuration of the luminal cell
surface because of the existence of microvilli and
microplicae.
Results
The perfusion of random outer medullary collect-
ing tubules taken from rabbits receiving DOCA re-
sulted in a range of transepithelial potentials from
—92 to +40 (Fig. 1). The results are in striking con-
trast to those values obtained in cortical collecting
tubules from DOCA-treated rabbits, where the po-
tential is always negative. Furthermore, many of
the outer medullary collecting tubules with a posi-
tive PD were taken from rabbits whose cortical col-
lecting tubules displayed a negative PD. Two ex-
planations seemed possible. First, the outer medul-
lary collecting tubules could be composed of two
populations, for example, one from superficial
nephrons and one from juxtamedullary nephrons.
The distribution of the PD and the known anatomy
of the rabbit nephron 112], however, made this pos-
sibility unlikely. The second possibility was that a
change in primary transport process(es) occurred as
a function of depth or position of the collecting tu-
bules.
Measurement of transepithelial potential at both
ends of collecting tubules. To determine whether
the PD changed as a function of position along the
collecting tubule, we dissected tubules extending
+20
+40
Fig. 1. Transepithelial potential from random segments of the
outer medullary collecting tubules dissected from rabbits having
received DOCA. This range of potentials is in sharp contrast to
that found in the cortical collecting tubule (CCT) taken from rab-
bits identically treated. In the CCT, the potential is always nega-
tive.
from the midcortex into the outer medulla and per-
fused them first at one end, then disconnected and
perfused them at the other. The PD measured at the
more superficial end was significantly more nega-
tive (P < 0.005) than was the PD at the deeper (out-
er medullary) end (Fig. 2). Though the sequence of
the perfusion did not affect this finding, another se-
ries of experiments was conducted to ascertain that
time and manipulations did not affect the PD. Fig. 3
demonstrates tubules which were perfused at one
end, disconnected and perfused at the opposite end,
and then disconnected and reperfused at the initial
end. In these nine tubules that were triple-perfused,
there was no significant difference between the PD
that was recorded during the first and third per-
fusion (P > 0.3). In the five tubules that were dis-
sected from within the cortex, the difference in PD
from superficial to deep end was not significant. Ex-
amination of all the double and triple perfusion
studies discloses three tubules where the PD was
positive at the deep end and negative at the more
superficial end.
Ante grade perfusion and PD measurement. It
was apparent that the wide range of PD measure-
ments observed in the random outer medullary col-
lecting tubules might be explained entirely by heter-
ogeneity as a function of position. Since only a few
segments displayed positive potentials while being
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Fig. 2. Transepizhelial potential of collecting tubules dissected
from rabbits having received DOCA. Each line represents a tu-
bule perfused first at one end (') and then at the other end (—).
Projection onto the abscissa allows localization of tubule within
the cortex or outer medulla. The potential in the outer medulla is
almost always less negative than it is in the cortex, and on occa-
sion it can be positive in the medullary portion while being nega-
tive in the cortical portion.
perfused retrograde, however, the possibility arose
that the negative potential generated toward the
cortex might have canceled the positive PD of the
outer medullary segment when measured in the ret-
rograde fashion. Thus, we conducted a series of ex-
periments in which cortical and outer medullary
collecting tubules were perfused antegrade and the
resulting PD value plotted as a function of position
in the kidney. Thus, by perfusing segments progres-
sively deeper into the kidney, in effect, we ampu-
tated the forces in the cortical regions responsible
for generating a large negative PD which might
mask a smaller positive PD. The results of these ex-
periments are displayed in Fig. 4. Eleven tubules
were exposed to a bath and perfusate that simulated
the outer medullary interstitial fluid, and the results
were the same. Within the first millimeter of the
outer medullary collecting tubule, the PD became
less negative, and at a distance deeper than 1 mm
from the corticomedullary junction the PD became
positive, indicating that in all likelihood the active
transport process(es) had changed.
Morphologic evaluation of tubules. The results of
Medulla, mm Cortex, mm
FIg. 3. Transepithelial potential of collecting tubules dissected
from DOCA rabbits and perfused three times. First perfusion (.)
was followed by a second perfusion (opposite end) and then the
initially-perfused end was reperfused (—p). Reperfusion validates
measurement of potential under these conditions. The trend for
the medullary potential to be less negative than is the cortical
potential is apparent.
the morphology studies are depicted in Fig. 5, a—c,
and Table 1. Fig. 5, a—c, shows representative
photomicrographs of collecting tubules from the
cortex and the outer and inner stripes of the outer
medulla, respectively. The ratios of light to dark
cells in these three segments are listed in Table 1
along with the results of the measurements which
were obtained prior to tissue fixation. Collecting tu-
bules taken from the cortex (Fig. 5a) always had a
negative PD (—50.5 mY, mean 8.5 SEM) and a
light-cell-to-dark-cell ratio of 3.6 0.5. Collecting
tubules taken from the outer stripe of the outer me-
dulla (Fig. 5b) also had a negative PD (—34.6 15.6
mV) and a light-to-dark-cell ratio of approximately
5.6 1.4. In contrast, those collecting tubules that
were obtained from deeper in the outer medulla in
the region of the inner stripe (Fig. 5c) had a mean
PD of +10.6 3.5 mV and a light-to-dark-cell ratio
of 10.1 1.7. This relationship was consistent even
in tubules that were perfused at both ends before
fixing. The results of the morphology studies pro-
vide evidence that the concentration of dark cells in
the collecting tubules decreases with the change in
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Fig. 4. Transepithelial potential of collecting tubule as afunction
of position within kidney. Format is similar to Figs. 2 and 3 ex-
cept that each point represents a measurement of potential on a
single tubule perfused antegrade (toward papilla). Antegrade per-
fusion minimizes the possibility that forces responsible for gener-
ating a negative potential in the cortex can override a small posi-
tive potential in the medulla, such as could be the case for retro-
grade perfusions in Figs. 2 and 3. Closed circles represent
tubules perfused and bathed with an artificial solution simulating
ultrafiltrate of plasma. Open circles represent tubules perfused
and bathed with an artificial solution simulating outer medullary
interstitial fluid. There is no difference between the potentials
recorded using isotonic or hypertonic solutions.
the PD from negative to positive as tubules are ex-
amined from the superficial to the deeper regions of
the outer medulla.
We conducted the analysis of this data in two
ways. Since the generation of a positive PD under
these conditions is presumptive evidence of a
change in the nature of the active transport proc-
ess(es), we divided tubules into two groups based
on the polarity of the PD. In addition, since the tu-
bules originated from one of three classic areas
within the kidney, that is, cortex, outer stripe of
outer medulla, or inner stripe of outer medulla, we
analyzed for differences in the tubules grouped in
this morphologic fashion. The light-to-dark-cell ra-
tio in tubules generating a negative PD (4.0 0.5)
was significantly different from the light-to-dark-cell
ratios in tubules generating a positive PD (10.1
1.5) (P < 0.001, Mann-Whitney U test). Using one-
way analysis of variance (Newman-Keuls method)
to test for differences in tubules originating from the
three areas of the kidney, we found the three groups
to be significantly different with respect to PD (P <
0.05) and light-to-dark-cell ratios (P < 0.05). Nei-
ther the PD nor the light-to-dark-cell ratio, how-
ever, shows a significant difference between the tu-
bules from the cortex and the outer stripe of the out-
er medulla, whereas the tubules from the inner
stripe of the outer medulla are different from the tu-
bules from the former two regions. Despite the need
for dividing the tubules into groups for statistical
analysis, examination of the data on PD (Fig. 4) sug-
gests that there is a continuum of change in the out-
er stripe of the outer medulla where the PD be-
comes less negative and then positive in a gradual
fashion, rather than becoming abruptly positive at a
specific anatomic location.
Discussion
The results of these experiments demonstrate
that collecting tubules obtained from rabbits receiv-
ing DOCA display a reversal in polarity of the trans-
epithelial potential along their length. Collecting tu-
bules from the cortex and the outermost portion of
the outer medulla consistently displayed a negative
PD, but tubules from a deeper portion of the outer
medulla invariably generated a positive potential
(Fig. 4). These observed differences in PD are com-
patible with changes in the character of the active
transport processes which are responsible for gen-
erating the PD. The change in potential from nega-
tive to positive was associated with a sharp fall in
the concentration of dark cells in the collecting tu-
bule (Table 1).
To ascertain whether this change in potential
might reflect intertubular heterogeneity or hetero-
geneity as a function of position along the collecting
tubule, we used a technique whereby a tubule was
first perfused at one end, then disconnected and
perfused at the opposite end. This technique of se-
quential measurements has not been described pre-
viously, although the simultaneous measurement of
PD at both ends of the cortical collecting tubule has
been reported by Grantham, Burg, and Orloff [131.
Simultaneous measurement of PD eliminates the
possible influence of temporal effects on PD, but, at
the same time, introduces two other problems.
First, it is difficult to be certain that alterations in
hydrostatic pressure induced by an electrode in the
collecting end of the tubule are not influencing the
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Fig. 5. Photomicrographs of isolated rabbit collecting tubules obtained from the (a) cortex, (b) outer
stripe ofouter medulla, and (c) inner stripe of the outer medulla near the boundary between the outer
and inner medulla. The dark cell population (asterisks) is much greater in the segments obtained from
the cortex and outer stripe of the outer medulla where the measured PD was negative. (Magnifications:
a, x800; b, x900; and c, xl,000)
PD [8]. Second, it is impossible to estimate an accu-
rate correction for diffusion potentials which occur
at the collecting end as a result of alterations in ion
composition of the fluid as it traverses the tubule.
The sequential perfusion technique eliminates these
objections. In addition, temporal alterations on PD
are found to be insignificant when the end which
was initially perfused is reperfused (Fig. 3).
There is evidence that the collecting tubule is het-
erogeneous with respect to transport function.
Rocha and Kokko [1] demonstrated that the papil-
lary collecting tubule is more permeable to urea
than is the outer medullary portion, a segment
which shares the property of low urea permeability
with the cortical portion [2]. Further documentation
of differential permeabilities between the rat papil-
lary collecting tubule and the cortical collecting tu-
bule has been presented by Tisher and Yarger [14],
who used lanthanum as a tracer. They observed
that tight junctions in cortical and outer medullary
segments of the collecting duct resisted lanthanum
penetration, whereas those in the inner medullary
segment were permeable to the tracer. The present
report provides the first direct evidence establishing
heterogeneity of ion transport in different regions of
the collecting tubule. Results from other experi-
ments do provide indirect evidence for hetero-
geneity of potassium transport in this region of the
nephron. Grantham et al [13] have shown that the
isolated perfused CCT of the normal rabbit secretes
potassium, although studies using the techniques of
in vivo microcatheterization and micropuncture of
papillary collecting ducts have failed to demon-
strate net potassium secretion in rats [15—17], ex-
cept under conditions of potassium-loading [161.
Though comparison of these studies suggests heter-
ogeneity of potassium transport, differences in spe-
cies and technique make direct comparisons diffi-
cult to interpret.
Histologically, the collecting tubule of the human
[3], the mouse [18], the rabbit [19], and the rat [20]
has been shown to be heterogeneous with respect to
cell type, the most striking finding being the pres-
ence of dark or intercalated cells in the cortical and
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Table 1. Histology evaluation of collecting tubules after
measurement of transepithelial potentiala
Cell count
Tubule Origin PD Total Dark
•Ratio of
light/dark
I CCT —53 104 20 4.2:1
2 CCT —54 55 22 1.5:1
3 CCT —19 40 10 3.0:1
4 CCT
oOMCT
—80
—47
56
18
11
2
4.1:1
8.0:1
5 CCT
oOMCT
—60
—82
58
77
11
21
4.3:1
2.7:1
6 CCT
oOMCT
—37
—32
68
55
13
11
4.3:1
4,0:1
7 oOMCT
IOMCT
—26
+ 4.5
95
52
21
5
3,4:1
9.4:1
8 oOMCT +14 33 3 10,0:!
9 IOMCT + 8 131 11 10.9:1
10 iOMCT + 2 98 11 7.9:1
11 iOMCT +28 83 II 6,5:1
12 iOMCT +26 8! 10 7.1:1
13 iOMCT + 4.5 21 3 6,0:1
14 iOMCT + 4.5 44 4 10.0:!
15 IOMCT + 17 23 2 10.5:1
16 1OMCT + 1 48 2 23.0:1
Each tubule was fixed after the potential was stable for 30
mm. Tubules 4—7 had potentials measured a both ends. Cells
were counted up to 0.75 mm from the end that was perfused.
Mean light:dark cell ratios were 3.6 0.5 for CCT (cortical col-
lecting tubule), 5.6 1.4 for oOMCT (collecting tubules originat-
ing from the outer stripe of the outer medulla), and 10.1 1.7 for
iOMCT (collecting tubules originating from the inner stripe of the
outer medulla). Mean potentials (± SCM) for these segments were
—50.5± 8.5, —34.6± 15.6, and+l0.6± 3.5 mV, respectively.
outer medullary segments and their virtual absence
in the papillary segment. The function of these cells
has been debated for decades. Although some in-
vestigators have demonstrated an apparent increase
in the dark cell population in acute respiratory aci-
dosis [211, acute metabolic alkalosis [21], acute
metabolic acidosis [221, and potassium depletion
[23], another study has failed to document changes
in the dark cell population under these conditions in
the rat [241. The apparent increase in the dark cell
population reported previously in these various
physiologic states has led to the speculation that
this is the cell responsible for hydrogen ion secre-
tion, though there is no direct evidence to support
the suggestion.
Though the present studies do not allow direct
conclusions to be made concerning the function of
the dark cell, the data do provide circumstantial evi-
dence which suggests another possible function.
Active sodium transport occurs out of the cortical
collecting tubule [13], and it is this process which
probably generates the lumen-negative PD. The
concurrence of the negative PD and the presence of
dark cells make it attractive to postulate a role for
the dark cell in sodium transport. The dis-
appearance of dark cells virtually simultaneously
with the reversal in lumen polarity is consistent
with this hypothesis.
The presence of both negative and positive poten-
tials in the collecting tubule is best explained by
postulating the presence of at least two active ion
transport systems. Thus, under these experimental
conditions, the cortical collecting tubule generates a
lumen-negative potential which extends into the
outer stripe of the outer medulla. In the inner stripe
of the outer medulla, the polarity is reversed and
the potential becomes positive. It is interesting to
note that a positive potential can be observed in the
cortical collecting tubule under conditions of miner-
alocorticoid hormone suppression [251 or amiloride
administration to the luminal surface [26].
There are several lines of evidence which allow
us to surmise that the lumen-negative potential is
generated as a result of active sodium transport out
of the lumen. First, sodium is transported against an
electrochemical gradient; thus, by definition it is
transported actively [13, 261. Second, elimination of
sodium in the perfusate causes a reversal of the
polarity of the potential from negative to positive
[13, 27]. Third, the administration of ouabain [13] or
amiloride [26] results in the elimination of the nega-
tive potential with a similar reduction in sodium
transport. Fourth, vasopressin, which causes a
transient increase in the magnitude of the negative
potential also increases sodium efflux [28]; but na-
triuretic factor [29] and prostaglandin E2 [7] reduce
the magnitude of the negative potential and likewise
the sodium efflux.
The transport process(es) responsible for the gen-
eration of the positive PD in the collecting tubule is
not yet clear. Some evidence suggests active reab-
sorption of chloride [27]; other evidence suggests
active hydrogen ion secretion [26]; another possi-
bility is the presence of active potassium secretion
[13]. Whatever its origin, the PD measurements in
the isolated perfused collecting tubule cannot nec-
essarily be extrapolated to in vivo measurements.
In vitro measurements reported here utilize identi-
cal solutions in perfusate and bath and indicate only
the presence of active ion transport. Though in vivo
measurements have not been made in the rabbit, the
hamster [30, 311 has consistently demonstrated a
negative potential in the papillary collecting tubule.
It is possible that this measurement could be influ'
enced by differences in ionic composition across thc
epithelium (thus generating diffusion potentials).
the type of electrode used, and the uncertain esti-
mation of liquid junction potentials. If these mea-
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surements in fact reflect active sodium transport,
they can be explained best by species differences or
perhaps heterogeneity between outer meduilary and
papillary collecting tubules.
The presence of a positive potential in the outer
medullary collecting tubule does not necessarily im-
ply an absence of active sodium transport. It may
be more appropriate to conclude that the proc-
ess(es) responsible for generating the positive po-
tential may override the electrical expression of ac-
tive sodium transport either because of a more ac-
tive process or because of an increase in the passive
permeability of anions resulting in a shunt of the
negative potential generated by active sodium
transport.
In summary, we have demonstrated that the
transepithelial potential difference, an index of ac-
tive ion transport, varies along the length of the rab-
bit collecting tubule. Under conditions of maximum
mineralocorticoid hormone stimulation, the cortical
portion generated a negative potential, a finding
consistent with active sodium transport. A negative
potential was also present in collecting tubules
taken from the outer stripe of the outer medulla. Tu-
bules taken from the inner stripe of the outer me-
dulla generated a positive potential. The presence
of a negative potential corresponded strikingly to
the presence of dark cells.
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